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IMAGE RESAMPLING FOR DCT BASED
IMAGE ENCODING FORMATS USING

MEMORY EFFICIENT TECHNIQUES

BACKGROUND

With the explosion in quantity of, and uses for, digital
images has come the need for eflicient tools to manmipulate
digital images. Modifying the resolution of a digital image
1s a fundamental type of digital image manipulation. In
particular, users or devices often need or desire diflerent
resolutions of the same digital image. For example, devices
with diflerent screen sizes can require diflerent resolutions
of the same 1mage. Similarly, users may want a compressed
version ol an 1mage for viewing on a mobile device and a
larger resolution of the image for viewing or editing on a
computer. Unfortunately, conventional digital image sys-
tems suller from a number of disadvantages, particularly
elliciency and flexibility, when moditying the resolution of
digital 1mages.

SUMMARY

One or more embodiments described herein provide ben-
efits and solve one or more problems 1n the art with systems,
methods, and non-transitory computer readable media that
can eliliciently modify the resolution of digital images 1n real
time (or near real time) by filtering 1n the frequency domain.
In particular, the disclosed systems can perform resampling
ol resource-intensive assets (e.g., discrete cosine transform
images or video encodings) in real time by filtering 1n a
frequency domain to reduce computations. Furthermore, one
or more embodiments can modily the resolution of a digital
image by resampling tiles or portions of the digital image
rather than the entire digital image at once to reduce memory
requirements. Thus, the disclosed systems can reduce the
number of computations and the memory requirements
required to modily the resolution of digital 1images.

Additional features and advantages of the present appli-
cation will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by the practice of such example embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

This disclosure will describe one or more embodiments of
the mvention with additional specificity and detail by ref-
cerencing the accompanying figures. The following para-
graphs briefly describe those figures, 1n which:

FI1G. 1 illustrates an example environment for implement-
ing a digital image resolution modification system 1n accor-
dance with one or more embodiments;

FIG. 2 illustrates an overview of a process of generating,
a modified digital image from an initial digital 1mage 1n
accordance with one or more embodiments;

FIG. 3 illustrates an overview ol a process of tiled
decoding of a digital image 1n accordance with one or more
embodiments;

FIG. 4 illustrates an overview ol a process of filtering
quantized discrete cosine transform data within the fre-
quency domain in accordance with one or more embodi-
ments;

FIG. 5 illustrates an overview of a process of sub-band
approximation in accordance with one or more embodi-
ments;

FIG. 6 1illustrates an overview of a process of block
composition 1 accordance with one or more embodiments;
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2

FIG. 7 illustrates an overview of a process of tiled
encoding 1n accordance with one or more embodiments;

FIG. 8 illustrates an overview of a process of modilying
a resolution of a digital image using resampling in the
frequency domain 1n accordance with one or more embodi-
ments;

FIG. 9 1llustrates an overview of a process ol modifying
a resolution of a digital image using tiled resampling in the
frequency domain 1n accordance with one or more embodi-
ments;

FIG. 10 1llustrates a schematic diagram of a digital image
resolution modification system in accordance with one or
more embodiments;

FIG. 11 illustrates a tlowchart of a series of acts for
generating a modified digital image based on resampling 1n
the frequency domain in accordance with one or more
embodiments; and

FIG. 12 1llustrates a block diagram of an example com-
puting device 1n accordance with one or more embodiments.

DETAILED DESCRIPTION

One or more embodiments described heremn include a
digital image resolution modification system that can change
the resolution of digital images by filtering 1n the frequency
domain. Various applications, such as digital image viewing
and editing applications, or devices with differing screen
s1zes, request or need different resolutions of a digital image.
The digital image resolution modification system can gen-
crate a digital image of a diflerent resolution from an 1nitial
digital image 1n real time or near real time rather than simply
providing pre-generated versions of the digital image. To do
so, the digital image resolution modification system can
perform filtering of digital image in a frequency domain to
reduce computations. Furthermore, the digital image reso-
lution modification system can resample tiles or portions of
the digital image rather than the entire digital 1mage at once
to reduce memory requirements. Thus, the digital image
resolution modification system can reduce the number of
computations and the memory requirements required to
modily the resolution of digital images thereby allowing for
on the fly modification of 1image resolution. As such, the
digital image resolution modification system can provide a
requested resolution of a digital image 1n real time without
having to store pre-generated versions of the digital image.

As on overview, to modily the resolution of a digital
image, the digital image resolution modification system can
generate or otherwise access discrete cosine transform
(“DCT”) blocks of frequency data representing the digital
image. The digital image resolution modification system can
perform a resampling technique (e.g., Lanczos resampling)
to filter the frequency data of the DCT blocks. The digital
image resolution modification system can reduce the size of
the resampled frequency data utilizing sub-band approxima-
tion to generate resized DCT blocks based on a target digital
image resolution. To achieve a desired DCT block size for
generating a modified digital image (e.g., as required for a
particular digital image format such as JPEG), the digital
image resolution modification system can merge DCT
blocks utilizing a block composition matrix. The digital
image resolution modification system can then generate the
modified digital image by encoding the frequency data of the
merged DCT blocks.

More specifically, in one or more embodiments, the
digital image resolution modification system can encode the
digital 1mage from the spatial domain into the frequency
domain to represent the digital image with frequency data
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(e.g., data that indicates frequencies ol occurrence of color
values or other encoded values within the digital image). For
instance, in some embodiments, the digital image resolution
modification system can encode the digital image into DCT
blocks that include frequency data corresponding to tiled
portions of the digital image. Indeed, a DCT block can
include frequency data representing colors of a correspond-
ing tiled portion of the digital image 1n the spatial domain.
In some embodiments, the digital image resolution modifi-
cation system can apply a transform (e.g., a DCT) to obtain
frequency data relating to pixels of a digital image (e.g.,
when processing a raw digital image). In other embodi-
ments, the digital image resolution modification system can
utilize a Huflman decoding method to obtain the DCT
blocks (e.g., when processing a compressed digital image).
Additional detail regarding encoding the digital image into
the frequency domain using DCT blocks 1s provided below
with reference to FIG. 3.

In some embodiments, the digital image resolution modi-
fication system can filter the frequency data of the DCT
blocks. To elaborate, the digital image resolution modifica-
tion system can apply a resampling kernel (e.g., a filter
window) to the DCT blocks as a sort of low-pass filtering,
process to remove high frequency data. For example, the
digital 1mage resolution modification system can utilize a
Lanczos resampling technique (a type of geometrical down-
sampling) by applying a Lanczos resampling kernel to filter
digital 1image data within the frequency domain. In some
embodiments, the digital image resolution modification sys-
tem can utilize a different resampling technique such as
bilinear resampling or bicubic resampling. Additional detail
regarding resampling DCT data within the {frequency
domain 1s provided below with reference to FIG. 4.

The digital image resolution modification system can
utilize sub-band approximation to reduce the size of the
filtered data. In particular, the digital image resolution
modification system can determine or identily sub-band
relationships of DCT coeflicients to ignore or refrain from
utilizing higher-order DCT coellicients. Thus, the digital
image resolution modification system can utilize sub-band
approximation as a type of low-pass filtering operation in the
transform domain by approximating DCT coellicients to
generate modified DCT blocks of a target size. In some
embodiments, the digital image resolution modification sys-
tem can determine a target size for modified DCT blocks
based on a target size of a compressed digital image.
Additional detail regarding the sub-band approximation 1s
provided below with reference to FIG. 5.

Based on the resized DCT blocks from sub-band approxi-
mation, the digital image resolution modification system can
turther implement a block composition technique to merge
DCT blocks together. To elaborate, the digital image reso-
lution modification system can combine resized DCT blocks
within the DCT domain. In some embodiments, the digital
image resolution modification system can determine a
required size for DCT blocks to generate a modified digital
image (as may be required by a particular digital image
format such as JPEG). To merge DCT blocks, the digital
image resolution modification system can apply a block
composition matrix to convert a sequence of DCT blocks
into a composite block. Additional detail regarding block
composition 1s provided below with reference to FIG. 6.

As further mentioned, the digital image resolution modi-
fication system can encode the data of the composite
block(s) to generate a modified digital 1mage of a target
resolution. In particular, the digital image resolution modi-
fication system can apply an encoding method to quantized
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DCT data. In some embodiments, the digital image resolu-
tion modification system utilizes a tiled Huflman encoding
technique to code the DCT data. Thus, the digital image
resolution modification system can quickly and efliciently

generate a compressed digital image from the quantized
DCT data.

As mentioned, many conventional digital image systems
are ineflicient. In particular, conventional systems often
require a large memory footprint to generate and store many
versions or resolutions of a single digital image for use on
different types of computing devices or for different uses.
For example, for some systems receive tens of millions of
requests for JPEG renditions daily. In order to satisiy these
requests, such systems can store petabytes of JPEGS. To
enable a user to access a digital image via a mobile device
or a laptop computer, conventional systems often generate
and store (e.g., within a PTIFF container) different platform-
specific resolutions of the digital image for different device
types or screen sizes. The storage demands of these systems
are further exacerbated when considering digital videos,
high defimition panoramic digital images, and 360-degree
digital 1images, which contain larger amounts of data to be
processed and stored. These conventional systems therefore
require excessive amounts of computer storage, processing
power, and memory to generate and store such large num-
bers of digital images for users across an entire user base.
For example, some conventional systems generate PTIFF
versions of digital images utilizing memory-heavy instances
of AMAZON WEB SERVICES (*AWS”) (e.g., AWS
mb5.large or c¢5.xlarge).

Due at least 1n part to the methiciency of conventional
digital 1mage systems, these systems also sufler from prob-
lems of mflexibility. For instance, some conventional digital
image systems require downsampling digital images within
a spatial domain to modily resolutions of digital images. As
a result of implementing such computationally-intensive
geometrical downsampling techniques, these systems are
limited to preprocessing applications (or high-power appli-
cations) and cannot flexibly adapt to generate or modily
resolutions of digital images on the fly (e.g., on demand in
real time or near real time). Indeed, the geometrical down-
sampling of conventional digital image systems 1s too slow
and expensive for feasible real-time rendering on mobile
devices or even on the web.

The digital image resolution modification system pro-
vides several advantages over conventional digital image
systems. For example, the digital image resolution modifi-
cation system improves elfliciency over conventional sys-
tems. More specifically, the digital image resolution modi-
fication system can reduce the memory footprint, the
number of computations, and processing power as compared
to conventional systems. As described above, many conven-
tional systems require excessive memory and power to store
and generate multiple version of digital images. By contrast,
as a result of performing DC'T-based resampling of digital
images 1n the frequency domain (including downsampling 1n
the frequency domain), the digital image resolution modi-
fication system can modily the resolution of digital images
much faster (e.g., in real time) and with less processing
power than conventional systems. Because the digital image
resolution modification system can modily resolutions of
digital images 1n real time (or near real time), the digital
image resolution modification system can generate modified
digital 1mages for presentation on different devices on
demand.

Further, in contrast to conventional systems that require
storing various resolutions of a single digital image (so that
a user can access the digital image on devices of different
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screen sizes), the digital image resolution modification sys-
tem need only store a single copy (or at least fewer copies
by refraining from storing intermediate renditions) of a
digital image. Indeed, due at least in part to the increased
speed of the digital image resolution modification system,
the digital image resolution modification system can modify
the resolution of digital images on demand, thereby reducing,
(or eliminating) the need to store multiple versions. Thus,
the digital image resolution modification system can greatly
reduce the computer memory, computer storage, and com-
puting power required by conventional systems to generate
and store digital images.

Additionally, the digital image resolution modification
system 1s more tlexible than conventional digital image
systems. To elaborate, as a result of utilizing more compu-
tationally eflicient filtering processes, the digital image
resolution modification system 1s compatible with mobile
and/or web applications. Indeed, decoding and resizing a
digital image requires a bufler of a s1ze equivalent to the size
of the entire digital image (e.g., widthxheightxcomponent
count bytes). For example, to modily the resolution of a
panoramic digital image of dimension 17 kx4 k, a conven-
tional system requires a bufler at least of size 420 MB for
decoding and resizing. In contrast to conventional systems
that require preprocessing digital images 1n advance and/or
high-power computing devices to modily resolutions of
digital images, however, the digital image resolution modi-
fication system can modily resolutions of digital images
using aflordable commodity hardware systems interactively
in real time such as mobile devices or web devices. Indeed,
because the digital image resolution modification system
implements a tiled decoding and resizing method (to analyze
individual tiled portions independently), the digital image
resolution modification system greatly reduces the memory
footprint required to modily the resolution of digital images.
Further due to 1its eflicient, interactive nature, the digital
image resolution modification system 1s combinable with
other digital image processing functions of digital image
editing applications as well.

As 1llustrated by the foregoing discussion, the present
disclosure utilizes a variety of terms to describe features and
benefits of the digital image resolution modification system.
Additional detail 1s hereafter provided regarding the mean-
ing of these terms as used 1n this disclosure. In particular, the
term “‘discrete cosine transform block™ (or “DCT block™)
refers to a sequence of frequency data points that corre-
sponds to a digital image. A DCT block can include fre-
quency domain data in terms of a sum of cosine functions
oscillating at different frequencies. For example, a DCT
block can include frequency data that describes occurrences
of various colors within a corresponding block of a digital
image.

Relatedly, the term “tile” (or “tiled portion™) refers to a
portion of a digital image. In particular, a tile can include a
rectangular portion of a digital image having a particular tile
height (in pixels) and tile width (1n pixels). In some embodi-
ments, the digital image resolution modification system tiles
a digital image to generate uniform tiles having equal
heights and widths. A tile can include a number of pixels
with color values. In some embodiments, the digital image
resolution modification system tiles a digital image based on
analyzing the digital image to identify a tile size that would
be eflective or computationally eflicient for encoding the
digital 1image 1nto frequency domain data.

As mentioned, the digital image resolution modification
system can filter DC'T block frequency data 1n the frequency
domain utilizing a resampling kernel. As used herein, the
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term “resampling kernel™ refers to a function for resampling
or filtering digital image data to remove some portion of the
data. A resampling kernel can include a filtering window that
the digital image resolution modification system passes over
the frequency data of the digital image to remove or filter out
various portions (e.g., frequencies). Indeed, the digital
image resolution modification system can {ilter frequency
data 1n multiple passes such as a vertical pass to change a
vertical dimension of a digital image and a horizontal pass
to change a horizontal dimension of the digital image. In
these embodiments, a resampling kermnel can include a
vertical resampling kernel and/or a horizontal resampling
kernel. In the same or other embodiments, a resampling
kernel can include a Lanczos resampling kernel, a bilinear
resampling kernel, or a bicubic resampling kernel.

As mentioned above, the digital image resolution modi-
fication system can utilize sub-band approximation to reduce
the size of resampled digital image frequency data. As used
herein, the term “sub-band approximation” refers to a tech-
nique or method to determine sub-band relationships
between DCT coefllicients. For example, sub-band approxi-
mation can include reducing the size of resampled digital
image Irequency data by reducing DCT block sizes, thereby
removing or omitting some frequency data. In some embodi-
ments, sub-band approximation can include converting coet-
ficients of M-s1ze DCT blocks into N-size blocks by a factor
of N/M.

As also mentioned, the digital image resolution modifi-
cation system can merge sub-band approximated DCT
blocks using a block composition matrix. As used herein, the
term “block composition matrix” refers to a matrix that can
merge DCT blocks based on a target DCT block size. For
instance, a block composition matrix can determine a target
DC'T block size based on a format of a digital image. Indeed,
for JPEG 1mages, the digital image resolution modification
system utilizes a block composition matrix to generate 8x8
DCT blocks because of the compatibility of the JPEG
standard. In some embodiments, a block composition matrix
can convert a sequence of N-point DCT blocks mto a
composite DCT block.

Additional detail regarding the digital image resolution
modification system will now be provided with reference to
the figures. For example, FIG. 1 illustrates a schematic
diagram of an example computing system environment for
implementing a digital image resolution modification sys-
tem 102 1n accordance with one or more embodiments. An
overview of the digital image resolution modification system
102 1s described 1n relation to FIG. 1. Thereafter, a more
detailed description of the components and processes of the
digital image resolution modification system 102 1s provided
in relation to the subsequent figures.

As shown 1n FIG. 1, the environment includes server(s)
104, a client device 110, and a network 108. Each of the
components of the environment can communicate via the
network 108, and the network 108 may be any suitable
network over which computing devices can communicate.
Example networks are discussed in more detail below 1n
relation to FIG. 12.

As mentioned, the environment includes a client device
110. In particular, the client device 110 can be one of a
variety of computing devices, including a smartphone, a
tablet, a smart a television, a desktop computer, a laptop
computer, a virtual reality device, an augmented reality
device, or some other computing device as described 1n
relation to FIG. 12. The client device 110 can provide or
display one or more user interfaces for viewing, selecting,
mampulating, or editing digital images via the client appli-
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cation 112. The client device 110 can also recerve user input
from a user in the form of clicks, keyboard inputs, touch-
screen inputs, etc. to perform various functions within, or
apart from, the client application 112. In some embodiments,
the client device 110 facilitate resizing and/or display of
digital 1mages, and the resizing can be performed 1n whole

or 1n part by the server(s) 104 and/or the client device 110.

Particularly, the client device 110 include a client appli-
cation 112 whereby a user can view or edit digital images.
The client application 112 may be a web application, a
native application installed on the client device 110 (e.g., a
mobile application, a desktop application, etc.), or a cloud-
based application where all or part of the functionality 1s
performed by the server(s) 104. The client application 112
can present or display information to a user such as a
collection of digital images and an editing interface for
resizing or compressing (or otherwise manipulating) the
digital images. Indeed, the client application 112 can present
or display a selectable option to compress or modily the
resolution of a digital image.

As 1llustrated 1in FIG. 1, the environment includes the
server(s) 104. The server(s) 104 may generate, store, pro-
cess, receive, and transmit electromic data, such as digital
images and modified (e.g., resized, resolution-modified, or
compressed) digital images. For example, the server(s) 104
can transmit data to the client device 110 to provide a user
interface including digital images and/or editing options for

display via the client application 112. The server(s) 104 may
identily (e.g., monitor and/or receive) data from the client
device 110 1n the form of an 1nput to compress or modily the
resolution of a digital image. In some embodiments, the
server(s) 104 comprises a digital content server. The
server(s) 104 can also (or alternatively) comprise an appli-
cation server, a communication server, a web-hosting server,
a social networking server, a digital content campaign
server, or a digital communication management server.

As shown 1n FIG. 1, the server(s) 104 can also include the
digital 1mage resolution modification system 102 (e.g.,
implemented as part of a digital content management system
106). Although FIG. 1 depicts the digital image resolution
modification system 102 located on the server(s) 104, in
some embodiments, the digital image resolution modifica-
tion system 102 may be implemented by (e.g., located
entirely or 1n part on) one or more other components of the
environment. For example, the digital image resolution
modification system 102 may be implemented by the client
device 110, and/or a third-party device.

In some embodiments, though not illustrated 1 FIG. 1,
the environment may have a different arrangement of com-
ponents and/or may have a diflerent number or set of
components altogether. For example, the environment can
include a database for storing information such as digital
images. The database can be housed by the server(s) 104, the
client device 110, and/or separately by a third party in
communication via the network 108. In addition, the client
device 110 may communicate directly with the digital image
resolution modification system 102, bypassing the network
108.

As mentioned, the digital image resolution modification
system 102 can generate a compressed, resized, or modified
version of a digital image. FIG. 2 illustrates an example of
generating a modified digital image 206 from a digital image
204 1n accordance with one or more embodiments. As
shown, the digital image resolution modification system 102
generates the modified digital image 206 having a resolution
of 600x600 pixels from the 1mitial digital image 204 having
a resolution of 1200x1200 pixels. In the example of FIG. 2,
the digital image 204 and the modified digital image 206 are
in JPEG (or .jpg) format. However, the digital image reso-
lution modification system 102 can compress or modily
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resolutions of digital images of other resolutions and/or
different file types (e.g., raw digital images, GIF, PNG, TIFF,
or BMP) as well.

As 1llustrated 1n FIG. 2, the digital image resolution
modification system 102 identifies and presents the digital
image 204 within a digital image editing interface displayed
on the computing device 202 (e.g., the client device 110).
The digital image resolution modification system 102 further
presents a selectable user interface element such as the
compress option 208. Upon detecting user imnput to select the
compress option 208, the digital image resolution modifi-
cation system 102 compresses the digital image 204 to
generate the modified digital image 206 having a smaller
resolution and including less digital image data as compared
to the digital image 204. In some embodiments, the digital
image resolution modification system 102 generates the
modified digital image 206 on demand in real time (or near
real time) based on detecting the user input to select the

compress option 208. In the same or other embodiments, the
digital image resolution modification system 102 enables the
user to select or enter a target size or a target resolution of
the modified digital image 206.

While FIG. 2 illustrates a computing device 202 in the
form of a desktop computer, the digital image resolution
modification system 102 can also present a modified digital
image 206 via other types ol computing devices such as
mobile devices or web devices. For example, the digital
image resolution modification system 102 can receive a
request to view the digital image 204 from a mobile device
(e.g., the client device 110), whereupon the digital image
resolution modification system 102 can determine a target
s1ize or resolution of the digital image 204 based on the
device type and/or screen size of the computing device.
Indeed, rather than detecting a selection of the compress
option 208, the digital image resolution modification system
102 can receive a request to view the digital image 204
(stored locally or cloud-stored) 1n the form of a user selec-
tion of a thumbnail (or other file indicator) within a digital
image viewing interface. Further, the digital image resolu-
tion modification system 102 can generate a modified digital
image (e.g., the modified digital image 206) 1n real time for
display on the computing device based on the request. In
these or other embodiments, the digital image resolution
modification system 102 refrains from storing multiple
resolutions of the digital image 204 because the digital
image resolution modification system 102 can generate
appropriately sized versions of the digital image 204 on
demand as needed.

As mentioned, the digital image resolution modification
system 102 can generate modified digital images (e.g., the
modified digital image 206) utilizing a DCT-based resam-
pling process 1n the frequency domain. For example, FIG. 3
illustrates an example representation of generating DCT
block for the digital image 204 (or a tile of the digital image
204). For example, the digital image resolution modification
system 102 can encode the digital image 204 into the
frequency domain in accordance with a file type of the
digital image 204. For the JPEG standard, for example, the
digital 1mage resolution modification system 102 utilizes a
Huflman decoding techmique to obtain DCT block informa-
tion for the digital image 204. For other digital image file
types, the digital image resolution modification system 102
can utilize the same or a different techmque to obtain DCT
block information (or other frequency-based information)
for the tiles of the digital image 204. In some embodiments,
for instance, the digital image resolution modification sys-
tem 102 utilizes a transform such as a discrete cosine
transform to obtain DC'T information, or the digital image
resolution modification system 102 utilizes a Fourier trans-
form to obtain other frequency information for the digital
image 204.




US 11,102,487 B2

9

As shown, 1n one or more embodiments, the digital image
resolution modification system 102 can generate a tiled grid
for the digital image 204. Indeed, the digital image resolu-
tion modification system 102 can analyze the digital image
204 to segment the digital image 204 1nto tiles including the
tile 302. In some embodiments, the digital image resolution
modification system 102 can define each tile (including the
tile 302) to have uniform dimensions 1n rows and columns
ol pixels.

As 1llustrated i FIG. 3, the digital image resolution
modification system 102 can encode the digital image data
of each tile into DCT blocks of frequency data. In particular,
the digital 1image resolution modification system 102 can
generate DCT blocks of frequency data representing the
digital 1mage 204. More specifically, the digital image
resolution modification system 102 can encode color values
(e.g., RGB, HSV, or other color space values) into frequency
values that represent frequencies at which particular colors
(or ranges of colors) occur within the tiles (e.g., the tile 302).

In some embodiments, such as embodiments where the
digital 1mage 204 1s a JPEG image, the digital image
resolution modification system 102 can generate DCT
blocks for the digital image utilizing Huflman decoding 304.
Indeed, the digital image resolution modification system 102
determines DCT 1nformation based on a Hullman table for
the JPEG 1mage. To elaborate, JPEG compression uses the
Huilman coding as entropy encoding to encode the digital
image 204. For example, JPEG compression compresses
color data by encoding a particular pixel value (or color
value) within the tile 302 based on the frequency with which
the value occurs within the tile 302. Thus, JPEG compres-
sion standard defines the digital image 204 with a Huflman
table of Huflman code values. For example, the JPEG
compression standard defines assigns an encoded value to a
color value that occurs with a highest frequency in accor-
dance with a Huflman table. Likewise, the JPEG compres-
sion standard defines assigns encoded frequency values for
colors based on respective numbers (or Ifrequencies) of
occurrences relative to each other. The Hullman table of
FIG. 3 1s merely 1llustrative and does not necessarily rep-
resent actual values corresponding to the digital image 204.

The digital image resolution modification system 102 can
access a Hullman table with Define Hullman Table (“DHT”)
markers for the digital image 204. The digital image reso-
lution modification system 102 can utilize the Huflman table
to obtain the frequency data (e.g., the DCT data) for each
tile. In addition, the digital image resolution modification
system 102 defines tiles (e.g., the tile 302) as data corre-
sponding to the number of rows 1n the tile multiplied by the
digital 1mage width (in pixels). Thus, the digital image
resolution modification system 102 can generate quantized
DCT data for a specified tile (e.g., the tile 302) which the
digital image resolution modification system 102 can use 1n
subsequent steps for DCT-based resampling to moditly the
resolution of the digital image 204.

Indeed, as mentioned above, the digital image resolution
modification system 102 can filter the quantized DCT data
within the frequency domain. In particular, the digital image
resolution modification system 102 can filter frequency data
of DCT blocks (e.g., filter within the frequency domain). For
example, FIG. 4 illustrates a process for filtering encoded
frequency data 402 (e.g., the quantized DCT data) within the
frequency domain 1n accordance with one or more embodi-
ments. As shown, the digital image resolution modification
system 102 can apply a resampling kernel to filter the
encoded frequency data 402. Indeed, in some embodiments
the digital 1mage resolution modification system 102 can
apply a Lanczos resampling kermnel 404, while 1n other
embodiments the digital image resolution modification sys-
tem 102 can apply a different type of resampling kernel such
as a bilinear resampling kermnel or a bicubic resampling
kernel.
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As 1llustrated in FIG. 4, the digital image resolution
modification system 102 can utilize a Lanczos resampling
kernel 404 to resample or filter the encoded frequency data
402 of the digital image 204 within the frequency domain.
By applying the Lanczos resampling kernel 404, the digital
image resolution modification system 102 can determine
new pixel values (e.g., encoded pixel values) as a weighted
combination of surrounding pixel values. In some embodi-
ments, the weights of various pixel values depend on respec-
tive distances between the new pixel location and the
neighboring pixels combined to generate the new pixel
value. For example, 1n one or more embodiments the digital
image resolution modification system 102 can combine
values only of immediate adjacent neighboring pixels, while
in other embodiments the digital image resolution modifi-
cation system 102 can combine values of more surrounding
pixels farther removed (e.g., removed by a threshold number
of pixels or pixel layers) from the new pixel. Particularly, the
digital image resolution modification system 102 can utilize
a particular function such as the Lanczos resampling kernel
404 to generate the weighted combination of pixel values.
The digital 1mage resolution modification system 102
thereby can generate the resampled DCT block output 406.

As mentioned, the digital image resolution modification
system 102 can resample the encoded frequency data 402.
Indeed, the digital image resolution modification system 102
can obtain the encoded frequency data 402 (e.g., tiled data
of the digital image 204 1n the DCT domain) from the
Huflman decoding step. Additionally, rather than decoding
the encoded frequency data 402 back to the spatial domain
for filtering or resampling (as 1s required by many conven-
tional digital 1image systems), the digital image resolution
modification system 102 can resample the tiled encoded
frequency data 402 directly within the frequency domain.

To perform Lanczos resampling within the frequency
domain, the digital image resolution modification system
102 can utilize a convolution-multiplication property of the
DCT blocks used for anti-aliasing low pass filters for digital
image resizing. In particular, the digital image resolution
modification system 102 can extend a multiplication prop-
erty of Fourier transforms to trigonometric functions such as
DCT blocks. Like discrete Fourier transforms where circular
convolution holds the convolution-multiplication property,
symmetric convolutions have similar properties for trigono-
metric transforms. Thus, the digital image resolution modi-
fication system 102 can map symmetric convolutions of
digital 1mages to a class of linear filtering operations 1n the
transform domain.

Indeed, the digital image resolution modification system
102 can perform a resampling operation by applying the
Lanczos resampling kernel 404 to DCT blocks of encoded
frequency data 402 such that the symmetric convolution
operation in the frequency domain becomes equivalent to
the linear convolution in the spatial domain. To elaborate,
the digital 1mage resolution modification system 102 can

implement the symmetric convolution via the convolution-
multiplication property in accordance with the following
rules. Let h(n), O=n=N be a sequence of length N+1 (e.g., a
sequence of digital image frequency data). Thus, for this
sequence, the N-pomnt one-dimensional type-I1 DCT

(“DCTT”) 1s defined by:

N
Croihn)y = HV k) = | % af(k); h(n) ms(n%k], O<k<N
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where a(k) 1s \/% for k=0, otherwise 1ts value 1s 1. Addi-
tionally, let x(n), O=n=N-1 be a sequence of length N. Thus,

for this sequence, the N-point one-dimensional type-11 DCT
(“DCTII”) 1s defined by:

| N-1
Chr dx(m)} = Xf)(k) — % {l’(k); x(n) CGS( (2n ;j)ﬂk ], O=<k=N-1

where a.(k) 1s ¥V 14 for k=0, otherwise its value 1s 1. The DCTI
1s defined with N+1 samples, whereas the DCTII 1s defined
with N samples. Additionally, the DCTI and the DCTII can
be considered as generalized discrete Fourier transforms
(“GDFT”) of symmetrically extended sequences. After sym-
metric extensions, the resulting periods n both the DCTI
and the DCTII are 2N. For the DCTI, the digital image
resolution modification system 102 carries out the symmet-
ric extension of the N+1 samples as follows:

- hln), O<pnp=<N
hin) =
A2N —n), N+l=n=<2N-1

where h(n) is the type-I symmetric extension of h(n).
For the DCTII, on the other hand, the digital image

resolution modification system 102 can carry out the sym-

metric extension of the length-N input sequence as follows
(before applying GDFT):

O<pnp=N -1
N=<=n=<2N-1

x(n),

) = { YON —1—n),

where X(n) 1s the type-II symmetric extension of x(n).

The digital image resolution modification system 102 thus
can determine the symmetric convolution of two finite-
length sequences (of frequency data) by determining the
pertodic convolution of their symmetrically extended
sequences (having the same periods). The digital image
resolution modification system 102 can determine the output
of this operation for a specific interval. For instance, for the
two sequences h(n), O=n=N and x(n), O=n=N-1, the digital
image resolution modification system 102 can determine the
symmetric convolution based on the periodic convolution of
the symmetric extensions h(n) and X(n), as given by:

yin) = x(m{Q hn)

= 3m®* hn)

Z Xmhn — k) +

k=0

2N—1
Z Amhin—k+2N),0<n<N —1

f=n+1

where ® denotes a symmetric convolution operator and
& denotes a periodic convolution operator.

Furthermore, convolution-multiplication properties hold
for trigonometric transforms with symmetric convolution.
Thus, the digital 1mage resolution modification system 102
can represent this property by:

Coofx () h(1)}=Co {x(m)} C {h()).
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The digital image resolution modification system 102 can
further extend the above equations and concepts to two
dimensions. Thus, the digital image resolution modification
system 102 can define a two-dimensional MxN-point type-I
DCT over (M+1)x(IN+1) samples. The digital image reso-
lution modification system 102 further can define a two-
dimensional type-1I DCT over MxN samples. For example,

the digital image resolution modification system 102 can
generate the type-1 DCT of x(m, n) as C, _{x(m, n)}, and the
digital 1image resolution modification system 102 can gen-
erate the type-II DCT of x(m, n) as C,_{x(m, n)}. In some
embodiments, the digital image resolution modification sys-
tem 102 can determine the two-dimensional DCTI and the
two-dimensional DCTII by:

CEe{x(m:H)Ek(m:H)}:CE e{‘x(m: H) } Cl e{‘x(m: H) } .

In these or other embodiments, as mentioned above, the
digital image resolution modification system 102 can utilize
the Lanczos resampling kernel 404 to perform Lanczos
resampling. For example, the digital image resolution modi-

fication system 102 can define the Lanczos resampling
kernel 404 as:
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0),
4),

2),
6),

Lanczos(6,
Lanczos(6,

3),”
AT

- Lanczos(],
Lanczos(],

0),
4),

2),
6),

Lanczos(1,
Lanczos(],

where the digital image resolution modification system 102
evaluates Lanczos(x, y) utilizing a method based on the
tollowing algorithm:

if ((x<a and x>-a) and (y<a and y>-a)):
return  np.sinc(np.p1*x)*np.sinc(np.p1*x/a)*np.sinc(np.
p1*y)*np.simc(np.p1*y/a)
else:
return 0

and where a=3.
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Thus, the digital 1image resolution modification system
102 can generate the DCTI and the DCTII utilizing a

Lanczos resampling kernel 404. For example, the digital
image resolution modification system 102 can generate the
DCTTI of this window, as given by:

[ 1.00741142, 1.00608947, 1.00276877, 0.99902655,1
0.99650421, 0.99602966, 0.99723123, 0.09885433, |.
| 0.99958017 _
10.00197232, 0.00196973, 0.00196323, 0.00195591, "
0.00195097, 0.00195004, 0.00195239, 0.00195557, |,
_ 0.00195699 _
" 0.00176085, 0.00175854, 0.00175274, 0.0017462, -
0.00174179, 0.00174096, 0.00174306, 0.00174589, | |.
0.00174716
0,0,0,0,0,0,0,0, 0],
0,0,0,0,0,0,0,0, 0],
0,0,0,0,0,0,0,0, 0],
0,0,0,0,0,0,0,0, 0],
0,0,0,0,0,0,0,0,0],
[0,0,0,0,0,0,0,0, 0]

Further, the digital image resolution modification system
102 can perform element-wise multiplication of the above

DCTI Lanczos window and the DCTII of in the mput DCT
block to generate the resampled DCT block output 406. For
example, the digital image resolution modification system
102 can generate an 8x8 DCT block output for compressing
the digital image 204 in the form of a JPEG. In embodiments
where the digital image 204 1s a different type of digital
image, however, the DCT block may have different dimen-
S1011S.

In some embodiments, the digital image resolution modi-
fication system 102 can apply the Lanczos resampling kernel
404 more than once. Indeed, the digital image resolution
modification system 102 can utilize the above equations and
processes to apply the Lanczos resampling kernel 404 to
implement a first pass for horizontal resampling and a
second pass for vertical sampling. For example, the digital
image resolution modification system 102 can apply a
horizontal resampling kernel (e.g., a horizontal Lanczos
resampling kernel) for modifying the horizontal dimension
(e.g., width) of the digital image 204.

In these or other embodiments, the digital image resolu-
tion modification system 102 utilizes the above equations
and processes to apply the Lanczos resampling kernel 404 to
implement a second pass for vertical resampling. For
example, the digital image resolution modification system
102 can apply a vertical resampling kernel (e.g., a vertical
Lanczos resampling kernel) for modifying the vertical
dimension (e.g., height) of the digital image. In some
embodiments, the digital image resolution modification sys-
tem 102 can perform the vertical resampling before (e.g., as
a first pass) the horizontal resampling (e.g., as a second pass)
Or vice-versa.

For digital images and/or digital videos of more than two
dimensions (e.g., three dimensional digital images), the
digital image resolution modification system 102 can utilize
additional passes for applying resampling kernels. Indeed, 1n
some embodiments, the digital image resolution modifica-
tion system 102 can resample a digital image using the same
number of passes as dimensions of the digital image to
modily each dimension independently.
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As mentioned, the digital image resolution modification
system 102 can apply the Lanczos resampling kernel 404 to
resample the digital image 204 (or the encoded frequency
data 402 of the digital image) 1n some embodiments. How-
ever, other resampling schemes are also possible. For
example, 1n some embodiments the digital image resolution
modification system 102 can implement bilinear resampling.
For example, the digital image resolution modification sys-
tem 102 can apply a bilinear resampling kernel to determine
new pixel values using linear interpolation. In accordance
with bilinear resampling, when upsampling, the digital
image resolution modification system 102 can operate on
(c.g., generates a weighted combination based on) the 2x2
cell of pixels (or encoded frequency data of the pixels)
surrounding each new pixel location.

In one or more embodiments, the digital image resolution
modification system 102 can implement bicubic resampling.
In particular, the digital image resolution modification sys-
tem 102 can apply a bicubic resampling kernel 1n the form
of a cubic spline. Thus, the digital image resolution modi-
fication system 102 can determine new pixel values based on
applying a cubic spline to combine pixel values of pixels (or
encoded frequency data of the pixels) identified by the cubic
spline.

In addition to the techniques described above, the digital
image resolution modification system 102 can utilize the
convolution-multiplication property explained by S. A. Mar-
tucci m Symmetric Convolution and the Discrete Sine and
Cosine Transforms, IEEE Trans. on Signal Processing, vol.
42, 1038-51 (May 1994), which 1s incorporated by reference
herein 1n its entirety. Further, the digital image resolution
modification system 102 can utilize one or more i1mage
processing methods described by Jayanta Mukherjee and
Sanjit K. Mitra 1 Image Filtering in the Compressed
Domain, Lecture Notes 1n Computer Science, vol. 4338,
194-205, which 1s incorporated by reference herein 1n 1ts
entirety.

The algorithms described in reference to FIG. 4 can
comprise the corresponding structure for performing a step
for filtering the frequency data in a frequency domain.
Alternatively, the acts described in reference to FIG. 4 can
comprise the corresponding structure for performing a step
for resampling the frequency data 1n a frequency domain.

As mentioned, the digital image resolution modification
system 102 can utilize sub-band approximation to reduce the
s1ze of the filtered/resampled data (e.g., the resampled DCT
block output 406). For example, the digital image resolution
modification system 102 can reduce the size of the filtered
frequency data utilizing sub-band approximation to generate
modified discrete cosine transform blocks comprising
dimensions that are smaller than dimensions of the discrete
cosine transform blocks. FIG. 5 illustrates an example
process for applying sub-band approximation to a resampled
DCT block 502 in accordance with one or more embodi-
ments. As shown, the digital image resolution modification
system 102 can perform a block size conversion 504 to the
resampled DCT block 502 to generate the sub-band approxi-
mated block 506. Likewise, the digital image resolution
modification system 102 can generate sub-band approxi-
mated blocks for other resampled DCT blocks of the digital
image 204 1n a similar fashion.

As 1illustrated, the digital image resolution modification
system 102 can implement the block size conversion 504. In
particular, the digital image resolution modification system
102 can resize the resampled DCT block 502 to a smaller
s1ze based on a target size of a modified, resized digital
image (e.g., the modified digital image 206). Thus, the
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digital 1mage resolution modification system 102 can gen-
erate the sub-band approximated block 506 having smaller
dimensions than the resampled DCT block 502. In some
embodiments, the digital image resolution modification sys-
tem 102 can generate the sub-band approximated block 506
having dimensions appropriate for particular digital image
file types. Indeed, for a JPEG, the digital image resolution
modification system 102 can generate the sub-band approxi-
mated block 506 with dimensions of 4x4 pixels.

To generate the sub-band approximated block 506 via the
block size conversion 504, the digital image resolution
modification system 102 can utilize sub-band relationships
of the DCT coetlicients for downsampling (and upsam-
pling). In particular, the digital image resolution modifica-
tion system 102 can i1gnore higher-order DCT coeflicients
(e.g., coellicients whose order exceeds a threshold) to imple-
ment a type of low-pass filter 1n the transform domain,
which 1s more accurate than some conventional low-pass
filtering operations. For example, the digital image resolu-
tion modification system 102 can convert the resampled
DCT block 502 of size M into a sub-band approximated
block 506 of size N. This operation eflectively provides
resizing of DCT blocks by a factor of N/M.

For example, the digital image resolution modification
system 102 can perform the block size conversion 504 for
sub-band approximation in accordance with a particular
function. For example, the digital image resolution modifi-
cation system 102 can determine the relationship of N-point
DCT coeflicients X(N) with the N/2-point coeflicients of a
downsampled form X,,* of a DCT block in accordance
with:

x™ = V7

where an mxn block of zeroes 1s denoted as O_ . .

The digital 1image resolution modification system 102
turther can generalize the above relationship to accommo-
date conversion by integral factors L. and M for a two-
dimensional DCT block, as given by:

(VXN
Xé. M) Ons(m—1)N

3 (LNXMN) |
COu—twxy O(L=1)X(M - 1)N |

= VLM

In some embodiments, the digital image resolution modi-

fication system 102 can generate the sub-band approximated
block 506 from the input resampled DCT block 502 based
on the following:

PR

y(PNXRN) _ QS XOVSN) p< R<S

bR [ X@VsM) -

— — " P :} Q!' R £ S
O3 | Op_pyvsrn |
PR

=\ 05 [XCN) Opysrsiv], P< Q, R> S
PR [ X@VXN) Oonx(r—sv

_ (= ,P>0 R>S
O5 | Op—owxsv Op—o)Wx(R-SN
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where YYV**Y represents the sub-band approximated block
506 and XYM represents the input block (e.g., the
resampled DCT block 502). In some embodiments, the
digital image resolution modification system 102 can utilize
one or more method or processes for sub-band approxima-
tion described by J. Mukhopadhyay in I/mage and Video
Processing in the Compressed Domain, CRC Press (2011),
which 1s 1incorporated by reference herein 1n 1ts entirety.

As mentioned, the digital image resolution modification
system 102 can perform block composition (or block
decomposition) to generate composite DCT blocks of a
particular size (e.g., as required by a particular digital image
format). In particular, the digital image resolution modifi-
cation system 102 can merge modified discrete cosine trans-
form blocks utilizing a block composition matrix. For
example, the digital image resolution modification system
102 can generate a composition DCT block having dimen-
sions of 8x8 pixels for a JPEG mmage. Indeed, FIG. 6
illustrates an example process for generating a composite
DCT block 606 utilizing a block composition technique 1n
accordance with one or more embodiments.

As 1llustrated mn FIG. 6, the digital image resolution
modification system 102 can merge M adjacent N-point
DCT blocks 602 by utilizing a block composition matrix
604. In particular, the digital image resolution modification
system 102 can combine the M N-point DCT blocks 602
(e.g., the N-point DCT blocks from the sub-band approxi-
mation process) 1into a single MN-point block directly 1n the
DCT domain. Indeed, the digital image resolution modifi-
cation system 102 can utilize one or more methods or

process described by J. Jiang and G. Feng in The Spatial
Relationships of DCT Coefficients Between a Block and its

Sub-blocks, IEEE Trans. on Signal Processing, 50(5), 1160-
69 (2002), Wth 1 1s 1ncorporated by reference herein 1n its
entirety. For instance, the digital image resolution modifi-
cation system 102 can generate the composite DCT block

606 1n accordance with the following operations:

N) 3 (N Ny 1F
XYM = Ay i [X§ XY X2

where A,y represents the block composition matrix 604.
In particular, the digital image resolution modification sys-
tem 102 can generate the block composition matrix 604
given by:

C' Oy Oy - Oy Oy
Oy Cy' Oy - Oy Oy
Amny = Cun| ' 5 .
Oy On Oy - Cy O
Oy Oy Oy - Oy Cy

where 0., represents an NxN block of zeroes.
For two-dimensional digital images (e.g., the digital

image 204), the digital image resolution modification system
102 can merge LxM collocated DCT blocks as follows:

(N XN) (Nm) (NXN) T
Xoo Xo.1 e Xo M|
(N XN) (NEN} (NxN)
X190 X1 ] e XY M
X(LM}{MN) — A(L?N) 5. A?M’N;‘_
(NXN) o (VXN (N XA
Xi1o0 Xi—1a v XpoLm-1
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In some embodiments, the digital image resolution modi-
fication system 102 can perform the inverse operation to
block composition by implementing a block decomposition
technique, as given by:

(N> N) (NKN} (NN
XDD Xo.1 o Xo Mo
(NxN) (NKN) (NXN)
Ao AL o Aol _ Al (LNXMN) 41
: (L.N) (M N)-
(NXN) o (VXN (NN
Xi1o Xfi-11 o Xi—Lm-1

In these or other embodiments, the digital image resolu-
tion modification system 102 can utilize an arbitrary resizing,
technique 1n the frequency domain. For example, the digital
image resolution modification system 102 can utilize arbi-
trary downsampling 1n accordance with one of two methods.
In some embodiments, the digital image resolution modifi-
cation system 102 can implement block composition (as
described 1n relation to FIG. 6) followed by sub-band
approximation and block decomposition to resize DCT
blocks of total size LNxMN to ratio

as represented by:

LxM ,on=>(Block Comp.)=>LNxMN=-(S5ub-ban-
dapp.)=PNxON=>(Block Decomp.)=PxO(Nx

N).

In other embodiments, the digital image resolution modifi-
cation system 102 can perform sub-band approximation (as
described in relation to FIG. 5) followed by block compo-
sition and block decomposition, as given by:

LX Mnxn) = (Sub-band app.) = LX M yprwnvornn =

(Block Comp.) = PN XON = PX Qxn)-

As mentioned, the digital image resolution modification
system 102 can decode the quantized DCT data within a
composite DCT block (e.g., the composite MN-point DCT
block 606) to generate a modified digital image (e.g., the
modified digital image 206). In particular, the digital image
resolution modification system 102 can generate the modi-
fied digital image 206 of a target resolution by encoding the
merged discrete cosine transform blocks utilizing Huflman
encoding. FIG. 7 1llustrates an example process for decoding
the DCT data to generate the modified digital image 206 in
accordance with one or more embodiments.

As 1llustrated mn FIG. 7, the digital 1mage resolution
modification system 102 can utilize a tiled Huflman encod-
ng techmque to code the quantized DCT data. In particular,
Huilman encoding 1s particularly eflective for JPEG digital
images. Thus, to generate the modified digital image 206,
the digital image resolution modification system 102 can
apply the Huflman encoding 702 to the composite MN-point
DCT block 606.

To elaborate, the digital image resolution modification
system 102 can performs the opposite operation to the
Huflman decoding 304 described in relation to FIG. 3.
Particularly, the digital image resolution modification sys-

tem can encode the quantized DCT data (contained within
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the composite MN-point DCT block 606) based on a Hull-
man table (e.g., the same Huflman table utilized for the
Huilman decodmg 304 or a different predetermmed Huil-
man table). In some embodiments, the digital 1mage reso-
lution modification system 102 can generate a Hullman table
from the tiled data itself to utilize for the Huflman encoding
702. The digital image resolution modification system 102
further can store the coded data and the Huilman table as a
JPEG (or other file type) per specification in the file. Thus,
a computing device (e.g., the client device 110) can access
the coded data and the corresponding table to present the
modified digital image 206 for display.

The description of FIGS. 3-7 describe a procedure for
generating the modified digital image 206 from the digital
image 204 within an unconstrained environment by resam-
pling in the frequency domain. The digital image resolution
modification system 102 can implement the process on the
entire 1mage or incrementally by processing tiles of the
digital image. Indeed, for each subsequent tile, the digital
image resolution modification system 102 repeats the pro-
cedures described mn FIGS. 3-7 until the complete digital
image 204 1s analyzed and compressed. In some embodi-
ments, however, the digital image resolution modification
system 102 can be implemented within a constrained envi-
ronment to reduce resampling time without necessarily
utilizing a tiling procedure. Indeed, FIG. 8 illustrates an
example sequence of acts for modifying the resolution of the
digital image 204 to generate the modified digital image 206
within a constrained environment and without utilizing a
tiling procedure.

As shown, the digital image resolution modification sys-
tem 102 can perform an act 802 to implement Huilman
decoding for the digital image 204. For instance, rather than
utilizing Hullman decoding for individual tiles, the digital
image resolution modification system 102 can decode the
entire digital image 204 to generate quantized DCT blocks.

Similar to the above description, the digital image reso-
lution modification system 102 can performs the act 804 to
filter (e.g., resample) the quantized encoded data within the
frequency (e.g., DCT) domain. For example, the digital
image resolution modification system 102 can apply Lanc-
7zos or another resampling technique i1n the frequency
domain as described above.

Further, the digital image resolution modification system
102 can perform the act 806 of using sub-band approxima-
tion to generate sub-band approximated data for the digital
image 204. For example, the digital image resolution modi-
fication system 102 can generate sub-band approximated
data for the whole digital image 204 at once. Likewise, the
digital 1mage resolution modification system 102 can per-
form the act 808 to implement block composition on the
entire image. Particularly, the digital image resolution modi-
fication system 102 generates composite DCT data for the
digital image 204. Further still, the digital image resolution
modification system 102 performs the act 810 for Huflman
encoding to generate the modified digital image 206.

As mentioned, the digital image resolution modification
system 102 can modily the resolution of a digital image
(e.g., the digital image 204) using a tiling procedure. FIG. 9
illustrates an example process for moditying the resolution
of the digital image 204 based on a tiling procedure. As
shown, the digital image resolution modification system 102
performs an act 904 of tiled Huflman decoding. In particular,
the digital i1mage resolution modification system 102
decodes the digital 1mage 204 1nto the frequency domain
utilizing a tiled Huflman decoding process. As described
above, the digital image resolution modification system 102
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tiles the digital image 204 and generates DCT blocks of
quantized frequency data corresponding to the tiles of the
digital 1image 204.

In addition, the digital image resolution modification
system 102 performs an act 906 of filtering (e.g., resam-
pling) i the frequency domain. In particular, the digital
image resolution modification system 102 utilizes a resam-
pling technique to {ilter the quantized DCT data of the DCT
blocks within the frequency domain tile by tile. As described
above, the digital image resolution modification system 102
can implement a Lanczos filtering technique by applying a
Lanczos resampling kernel to the DCT blocks to filter the
DCT frequency data tile by tile.

Further, the digital image resolution modification system
102 can perform an act 908 of sub-band approximation. In
particular, the digital image resolution modification system
102 can utilize a sub-band approximation techmique to
generate sub-band approximated blocks based on the filtered
DCT blocks tile by tile. As described above, the digital
image resolution modification system 102 can reduce the
s1ze of the DC'T blocks based on a target size of the modified
digital 1image 206 utilizing sub-band approximation.

As shown, the digital image resolution modification sys-
tem 102 can perform an act 910 of block composition. In
particular, the digital image resolution modification system
102 can utilize a block composition process to generate a
composite DCT block based on sub-band approximated
DCT blocks tile by tile. As described above, the digital
image resolution modification system 102 can apply a block
composition matrix to the sub-band approximated DCT
blocks to generate a composite DCT block for the digital
image 204.

As turther shown, the digital image resolution modifica-
tion system 102 can perform an act 912 of tiled Huflman
encoding. In particular, the digital image resolution modi-
fication system 102 utilizes a tiled Huflman encoding
method to code the composite DCT blocks. As described
above, the digital image resolution modification system 102
can encode the composite DCT block utilizing a Huflman
table to store the code and the table as a JPEG for display as
a portion (e.g., a tile) of the modified digital image 206.

Additionally, the digital image resolution modification
system 102 can perform an act 914 to determine whether
there are more tiles remaining to be analyzed. In particular,
the digital image resolution modification system 102 ana-
lyzes individual tiles of the digital image 204 to generate,
filter, and process DCT blocks (e.g., one or more at a time).
Upon determiming that there are more tiles still to be
encoded, filtered, and otherwise processed, the digital image
resolution modification system 102 repeats the acts 904-914.
Upon determining that there are no more tiles remaining to
be processed, however, the digital image resolution modi-
fication system 102 completes the process and stores the
coded data and the Huiflman table(s) as a JPEG for display
as the modified digital image 206.

While FIGS. 3-9 describe generating a two-dimensional
modified digital image 206 from a two-dimensional original
digital image 204, other dimensionalities are also possible.
Indeed, the digital image resolution modification system 102
can 1mplement the above-described methods and processes
to compress digital images 1n three dimensions. In these
embodiments, the digital image resolution modification sys-
tem 102 utilizes equations and functions similar to those
described above, but modified for application 1n three-
dimensions.

Turning now to FIG. 10, additional detail will be provided
regarding components and capabilities of the digital image
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resolution modification system 102. Specifically, FIG. 10
illustrates an example schematic diagram of the digital
image resolution modification system 102 on an example
computing device 1000 (e.g., one or more of the client
device 110 and/or the server(s) 104). As shown in FIG. 10,
the digital image resolution modification system 102 may
include a decoding manager 1002, a filtering manager 1004,
a sub-band approximation manager 1006, a block compo-
sition manager 1008, an encoding manager 1010, and a
storage manager 1012.

As just mentioned, the digital image resolution modifi-
cation system 102 includes a decoding manager 1002. In
particular, the decoding manager 1002 manages, 1mple-
ments, applies, utilizes, executes, performs, or generates
encodings (e.g., Hullman decoding) of digital image data in
the frequency domain. For example, as described above, the
decoding manager 1002 applies Huflman decoding to
encode digital image data into frequency data 1n the fre-
quency domain as described above in relation to FIG. 3. In
some embodiments, the decoding manager 1002 communi-
cates with the storage manager 1012 (e.g., that includes one
or more computer memory devices) stores the frequency
data within the database 1014.

In addition, the digital image resolution modification
system 102 includes a filtering manager 1004. In particular,
the filtering manager 1004 manages, implements, applies,
utilizes, executes, performs, determines, or generates filter-
ing of quantized DCT data (e.g., for tiled portions). For
example, the filtering manager 1004 utilizes a resampling
technique such as Lanczos resampling to filter the DCT data
in the frequency domain by applying a Lanczos resampling
kernel, as described herein. As also described, the filtering
manager 1004 can alternatively (or additionally) utilize a
different resampling method such as bilinear resampling
and/or bicubic resampling. In some embodiments, the fil-
tering manager 1004 communicates with the storage man-
ager 1012 to access quantized DCT data from, and to store
resampled DCT data within, the database 1014.

Further, the digital image resolution modification system
102 includes a sub-band approximation manager 1006. In
particular, the sub-band approximation manager 1006 man-
ages, 1mplements, applies, utilizes, executes, periorms,
determines, or generates sub-band approximation of filtered/
resampled DCT data. For example, as described, the sub-
band approximation manager 1006 resizes the DCT blocks
in accordance with a target size for resizing a digital image.
In some embodiments, the sub-band approximation manager
1006 communicates with the storage manager 1012 to
access filtered/resampled DCT data from, and to store sub-
band approximated DC'T blocks within, the database 1014.

As further 1llustrated, the digital image resolution modi-
fication system 102 includes a block composition manager
1008. In particular, the block composition manager 1008
manages, implements, applies, utilizes, executes, performs,
determines, or generates block composition based on sub-
band approximated DCT blocks. For example, the block
composition manager 1008 utilizes a block composition
matrix to generate a composite DCT block based on sub-
band approximated DCT blocks, as described above. In
some embodiments, the block composition manager 1008
communicates with the storage manager 1012 to access
sub-band approximated DCT blocks from, and to store
composite DCT blocks within, the database 1014.

As mentioned, the digital image resolution modification
system 102 also includes an encoding manager 1010. In
particular, the encoding manager 1010 manages, 1mple-
ments, applies, utilizes, executes, performs, determines, or
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generates Hullman encoding (e.g., tiled Huilman encoding
or a different decoding method) to code the composite DCT
block for generating a modified digital image. As described,
the encoding manager 1010 codes composite DCT data
based on a Hullman table to store the codes and the table as
JPEG. Alternative encoding techniques are also possible for
generating modified digital images 1n different formats. The
encoding manager 1010 can further communicate with the
storage manager 1012 to store a modified digital 1image
within the database 1014.

In one or more embodiments, each of the components of
the digital image resolution modification system 102 are in
communication with one another using any suitable com-
munication technologies. Additionally, the components of
the digital image resolution modification system 102 can be
in communication with one or more other devices including
one or more user devices described above. It will be recog-
nized that although the components of the digital image
resolution modification system 102 are shown to be separate
in FIG. 10, any of the subcomponents may be combined nto
tewer components, such as into a single component, or
divided into more components as may serve a particular
implementation. Furthermore, although the components of
FIG. 10 are described in connection with the digital image
resolution modification system 102, at least some of the
components for performing operations in conjunction with
the digital 1mage resolution modification system 102
described herein may be implemented on other devices
within the environment.

The components of the digital 1mage resolution modifi-
cation system 102 can include software, hardware, or both.
For example, the components of the digital image resolution
modification system 102 can include one or more mnstruc-
tions stored on a computer-readable storage medium and
executable by processors of one or more computing devices
(e.g., the computing device 1000). When executed by the
one or more processors, the computer-executable instruc-
tions of the digital image resolution modification system 102
can cause the computing device 1000 to perform the meth-
ods described herein. Alternatively, the components of the
digital image resolution modification system 102 can com-
prise hardware, such as a special purpose processing device
to perform a certain function or group of functions. Addi-
tionally or alternatively, the components of the digital image
resolution modification system 102 can include a combina-
tion of computer-executable instructions and hardware.

Furthermore, the components of the digital image reso-
lution modification system 102 performing the functions
described herein may, for example, be implemented as part
of a stand-alone application, as a module of an application,
as a plug-in for applications 1including content management
applications, as a library function or functions that may be
called by other applications, and/or as a cloud-computing
model. Thus, the components of the digital image resolution
modification system 102 may be implemented as part of a
stand-alone application on a personal computing device or a
mobile device. Alternatively or additionally, the components
of the digital image resolution modification system 102 may
be implemented 1n any application that allows creation and

delivery of marketing content to users, including, but not
limited to, applications in ADOBE CREATIVE CLOUD,

such as ADOBE ILLUSTRATOR, ADOBE PHOTOSHOP,

ADOBE PREMIERE, ADOBE RUSH, and ADOBE
LIGHTROOM. “ADOBE,” “ADOBE ILLUSTRATOR.,”
“ADOBE PHOTOSHOP,” “ADOBE PREMIERE,”
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“ADOBE RUSH,” and “ADOBE LIGHTROOM” are trade-
marks of Adobe Inc. 1n the United States and/or other
countries.

FIGS. 1-10, the corresponding text, and the examples
provide a number of diflerent systems, methods, and non-
transitory computer readable media for generating a modi-
fied digital image by filtering a digital 1image within the
frequency domain using a tiling technique. In addition to the
foregoing, embodiments can also be described 1n terms of
flowcharts comprising acts for accomplishing a particular
result. For example, FIG. 11 illustrates a flowchart of an
example sequence of acts 1n accordance with one or more
embodiments.

While FIG. 11 illustrates acts according to one embodi-
ment, alternative embodiments may omit, add to, reorder,
and/or modily any of the acts shown 1n FIG. 11. The acts of
FIG. 11 can be performed as part of a method. Alternatively,
a non-transitory computer readable medium can comprise
istructions, that when executed by one or more processors,
cause a computing device to perform the acts of FIG. 11. In
still further embodiments, a system can perform the acts of
FIG. 11. Additionally, the acts described herein may be
repeated or performed in parallel with one another or in
parallel with different instances of the same or other similar
acts.

FIG. 11 illustrates an example series of acts 1100 for
generating a modified digital image based on tiled filtering
of quantized DCT data 1n the frequency domain. The series
of acts 1100 includes an act 1102 of identifying a digital
image. In particular, the act 1102 can include identifying a
digital image to modily from an 1nitial resolution to a target
resolution. The digital image can include a JPEG digital
image or a raw digital image including a first height and a
first width.

In addition, the series of acts 1100 includes an act 1104 of
generating DCT blocks for the digital image. In particular,
the act 1104 can include generating discrete cosine trans-
form blocks comprising frequency data representing the
digital image. For example, the act 1104 can involve encod-
ing the digital image nto discrete cosine transform blocks
comprising frequency data, wherein the discrete cosine
transform blocks correspond to tiled portions of the digital
image. In some embodiments, the act 1104 can include
utilizing Huflman decoding to generate the DCT blocks
comprising the Irequency data representing the digital
image. In other embodiments, the act 1104 can include
applying a discrete cosine transform to the raw digital image
to generate the discrete cosine transform blocks comprising
the frequency data representing the digital image. The act
1104 can involve encoding the digital image into discrete
cosine transform blocks by utilizing a Huflman decoding
technique. In some embodiments, the act 1104 can mnvolve
encoding the digital image into a frequency domain by
generating, for corresponding portions of the digital image,
discrete cosine transform blocks comprising frequency data.

As shown, the series of acts 1100 includes an act 1106 of
filtering the frequency domain. In particular, the act 1106
can include resampling the frequency data of the discrete
cosine transform blocks. In some embodiments, the act 1104
involves filtering the frequency data of the digital image by
applying a resampling kernel to the discrete cosine trans-
form blocks. The act 1106 can involve utilizing Lanczos
resampling, a bilinear resampling, or a bicubic resampling.
For example, the act 1106 can involve resampling the
frequency data of the DCT blocks by applying a horizontal
resampling kernel (e.g., on a first pass) to change a hori-
zontal resolution of the digital image. The act 1106 can also
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(or alternatively involve) filtering the frequency data by
turther applying a vertical resampling kernel (e.g., on a
second pass) to change a vertical resolution of the digital
image. The resampling kernel can include a Lanczos resa-
mpling kernel, a bilinear resampling kernel, or a bicubic
resampling kernel. In some embodiments, the act 1106 can
involve filtering the frequency data of the digital image by
applying a Lanczos resampling kernel to the discrete cosine
transform blocks. In these or other embodiments, the act
1106 can involve resampling the frequency data by resam-
pling tiles of the frequency data in series.

Further, the series of acts 1100 includes an act 1108 of
generating a modified digital image. A modified digital
image can include a compressed digital image. In particular,
the act 1106 can include generating, based on the filtered
frequency data, a modified digital 1image of the target
resolution. The act 1108 can involve generating the modified
digital image of the target resolution by encoding the merged
discrete cosine transform blocks utilizing Huflman encod-
ing. For example, the act 1108 can involve utilizing Huflman
encoding to generate the modified digital image based on the
merging of adjacent modified discrete cosine transform
blocks utilizing the block composition matrix. In some
embodiments, the act 1108 can involve generating, based on
the sub-band approximation of the filtered frequency data, a
modified digital image of the target resolution. The act 1108
can be accomplished in real time where generating the
modified digital image 1s performed 1n real time in response
to a request for the digital image at the target resolution. The
modified digital image can include a JPEG digital image
with a second height smaller than the first height and a
second width smaller than the first width.

The series of acts 1100 can include an act of reducing the
size of the filtered frequency data by utilizing sub-band
approximation to generate modified discrete cosine trans-
form blocks comprising dimensions that are smaller than
dimensions of the discrete cosine transtorm blocks. Utilizing
sub-band approximation can include reducing the size of the
filtered frequency data by utilizing sub-band approximation
based on the target resolution for modifying the resolution of
the digital image. Additionally, the series of acts 1100 can
include an act of merging adjacent modified discrete cosine
transform blocks utilizing a block composition matrix.

Further, the series of acts 1100 can include an act of
refraining from storing multiple resolutions of the digital
image within a digital image database. Further still, the
series of acts 1100 can include an act of receiving, via a
graphical user interface element, user input to generate the
modified digital image from the digital image. The series of
acts 1100 can also (or alternatively) include an act of
generating the modified digital image 1s accomplished 1n
real time based on the user input. In some embodiments, the
series of acts 1100 includes an act of generating tiles of
discrete cosine transform blocks and an act of recursively
filtering, reducing, and encoding the tiles of discrete cosine
transform blocks until all the tiles of discrete cosine trans-
form blocks have been processed.

Embodiments of the present disclosure may comprise or
utilize a special purpose or general-purpose computer
including computer hardware, such as, for example, one or
more processors and system memory, as discussed 1n greater
detail below. Embodiments within the scope of the present
disclosure also include physical and other computer-read-
able media for carrying or storing computer-executable
instructions and/or data structures. In particular, one or more
of the processes described herein may be implemented at
least 1n part as istructions embodied 1n a non-transitory
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computer-readable medium and executable by one or more
computing devices (e.g., any of the media content access
devices described herein). In general, a processor (e.g., a
miICroprocessor) receives instructions, from a non-transitory
computer-readable medium, (e.g., a memory, etc.), and
executes those mstructions, thereby performing one or more
processes, including one or more of the processes described
herein.

Computer-readable media can be any available media that
can be accessed by a general purpose or special purpose
computer system. Computer-readable media that store com-
puter-executable instructions are non-transitory computer-
readable storage media (devices). Computer-readable media
that carry computer-executable nstructions are transmission
media. Thus, by way of example, and not limitation,
embodiments of the disclosure can comprise at least two
distinctly different kinds of computer-readable media: non-
transitory computer-readable storage media (devices) and
transmission media.

Non-transitory computer-readable storage media (de-
vices) mcludes RAM, ROM, EEPROM, CD-ROM, solid

state drives (*SSDs”) (e.g., based on RAM), Flash memory,
phase-change memory (“PCM”), other types of memory,
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium which can be
used to store desired program code means in the form of
computer-executable instructions or data structures and
which can be accessed by a general purpose or special
purpose computer.

A “network™ 1s defined as one or more data links that
enable the transport of electronic data between computer
systems and/or modules and/or other electronic devices.
When information 1s transierred or provided over a network
or another communications connection (either hardwired,
wireless, or a combination of hardwired or wireless) to a
computer, the computer properly views the connection as a
transmission medium. Transmissions media can include a
network and/or data links which can be used to carry desired
program code means in the form of computer-executable
instructions or data structures and which can be accessed by
a general purpose or special purpose computer. Combina-
tions of the above should also be included within the scope
ol computer-readable media.

Further, upon reaching various computer system compo-
nents, program code means in the form of computer-execut-
able 1nstructions or data structures can be transferred auto-
matically from transmission media to non-transitory
computer-readable storage media (devices) (or vice versa).
For example, computer-executable instructions or data
structures received over a network or data link can be
buflered in RAM within a network interface module (e.g., a
“NIC”), and then eventually transterred to computer system
RAM and/or to less volatile computer storage media (de-
vices) at a computer system. Thus, 1t should be understood
that non-transitory computer-readable storage media (de-
vices) can be included 1n computer system components that
also (or even primarily) utilize transmission media.

Computer-executable instructions comprise, for example,
istructions and data which, when executed at a processor,
cause a general-purpose computer, special purpose com-
puter, or special purpose processing device to perform a
certain function or group of functions. In some embodi-
ments, computer-executable instructions are executed on a
general-purpose computer to turn the general-purpose com-
puter mnto a special purpose computer implementing ele-
ments of the disclosure. The computer executable mnstruc-
tions may be, for example, binaries, imntermediate format
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instructions such as assembly language, or even source code.
Although the subject matter has been described 1n language
specific to structural features and/or methodological acts, 1t
1s to be understood that the subject matter defined in the
appended claims 1s not necessarily limited to the described
features or acts described above. Rather, the described
features and acts are disclosed as example forms of 1mple-
menting the claims.

Those skilled 1n the art will appreciate that the disclosure
may be practiced 1n network computing environments with
many types of computer system configurations, including,
personal computers, desktop computers, laptop computers,
message processors, hand-held devices, multi-processor sys-
tems, microprocessor-based or programmable consumer
clectronics, network PCs, minicomputers, mainframe com-
puters, mobile telephones, PDAs, tablets, pagers, routers,
switches, and the like. The disclosure may also be practiced
in distributed system environments where local and remote
computer systems, which are linked (either by hardwired
data links, wireless data links, or by a combination of
hardwired and wireless data links) through a network, both
perform tasks. In a distributed system environment, program
modules may be located 1n both local and remote memory
storage devices.

Embodiments of the present disclosure can also be imple-
mented 1 cloud computing environments. In this descrip-
tion, “cloud computing™ 1s defined as a model for enabling
on-demand network access to a shared pool of configurable
computing resources. For example, cloud computing can be
employed in the marketplace to offer ubiquitous and con-
venient on-demand access to the shared pool of configurable
computing resources. The shared pool of configurable com-
puting resources can be rapidly provisioned via virtualiza-
tion and released with low management effort or service
provider interaction, and then scaled accordingly.

A cloud-computing model can be composed of various
characteristics such as, for example, on-demand self-service,
broad network access, resource pooling, rapid elasticity,
measured service, and so forth. A cloud-computing model
can also expose various service models, such as, for
example, Software as a Service (*SaaS™), Platform as a
Service (“PaaS™), and Infrastructure as a Service (“laaS™). A
cloud-computing model can also be deployed using different
deployment models such as private cloud, community cloud,
public cloud, hybnd cloud, and so forth. In this description
and 1n the claims, a “cloud-computing environment™ 1s an
environment 1n which cloud computing 1s employed.

FIG. 12 1llustrates, in block diagram form, an example
computing device 1200 (e.g., the computing device 1000,
the client device 110, and/or the server(s) 104) that may be
configured to perform one or more of the processes
described above. One will appreciate that the digital image
resolution modification system 102 can comprise implemen-
tations of the computing device 1200. As shown by FIG. 12,
the computing device can comprise a processor 1202,
memory 1204, a storage device 1206, an I/O interface 1208,
and a communication interface 1210. Furthermore, the com-
puting device 1200 can include an iput device such as a
touchscreen, mouse, keyboard, etc. In certain embodiments,
the computing device 1200 can include fewer or more
components than those shown in FIG. 12. Components of
computing device 1200 shown i FIG. 12 will now be
described 1n additional detail.

In particular embodiments, processor(s) 1202 includes
hardware for executing instructions, such as those making
up a computer program. As an example, and not by way of
limitation, to execute instructions, processor(s) 1202 may
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retrieve (or fetch) the mstructions from an internal register,
an internal cache, memory 1204, or a storage device 1206
and decode and execute them.

The computing device 1200 includes memory 1204,
which 1s coupled to the processor(s) 1202. The memory
1204 may be used for storing data, metadata, and programs
for execution by the processor(s). The memory 1204 may

include one or more of volatile and non-volatile memories,
such as Random-Access Memory (“RAM”), Read Only

Memory (“ROM?”), a solid-state disk (“SSD”), Flash, Phase
Change Memory (“PCM”), or other types of data storage.
The memory 1204 may be internal or distributed memory.

The computing device 1200 includes a storage device
1206 includes storage for storing data or instructions. As an
example, and not by way of limitation, storage device 1206
can comprise a non-transitory storage medium described
above. The storage device 1206 may include a hard disk
drive (HDD), flash memory, a Umversal Serial Bus (USB)
drive or a combination of these or other storage devices.

The computing device 1200 also includes one or more
iput or output (“I/O””) devices/interfaces 1208, which are
provided to allow a user to provide mput to (such as user
strokes), recerve output from, and otherwise transier data to
and from the computing device 1200. These /O devices/
interfaces 1208 may include a mouse, keypad or a keyboard,
a touch screen, camera, optical scanner, network interface,
modem, other known I/O devices or a combination of such
I/O devices/intertaces 1208. The touch screen may be acti-
vated with a writing device or a finger.

The I/0 devices/interfaces 1208 may include one or more
devices for presenting output to a user, icluding, but not
limited to, a graphics engine, a display (e.g., a display
screen), one or more output drivers (e.g., display drivers),
one or more audio speakers, and one or more audio drivers.
In certain embodiments, devices/interfaces 1208 1s config-
ured to provide graphical data to a display for presentation
to a user. The graphical data may be representative of one or
more graphical user interfaces and/or any other graphical
content as may serve a particular implementation.

The computing device 1200 can further include a com-
munication interface 1210. The communication interface
1210 can include hardware, software, or both. The commu-
nication interface 1210 can provide one or more interfaces
for communication (such as, for example, packet-based
communication) between the computing device and one or
more other computing devices 1200 or one or more net-
works. As an example, and not by way of limitation,
communication mterface 1210 may include a network inter-
tace controller (NIC) or network adapter for communicating
with an Ethernet or other wire-based network or a wireless
NIC (WNIC) or wireless adapter for communicating with a
wireless network, such as a WI-FI. The computing device
1200 can further include a bus 1212. The bus 1212 can
comprise hardware, software, or both that couples compo-
nents of computing device 1200 to each other.

In the foregoing specification, the invention has been
described with reference to specific example embodiments
thereof. Various embodiments and aspects of the mven-
tion(s) are described with reference to details discussed
herein, and the accompanying drawings illustrate the various
embodiments. The description above and drawings are 1llus-
trative of the invention and are not to be construed as
limiting the 1invention. Numerous specific details are
described to provide a thorough understanding of various
embodiments of the present invention.

The present invention may be embodied 1n other specific
forms without departing from 1ts spirit or essential charac-
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teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. For
example, the methods described herein may be performed
with less or more steps/acts or the steps/acts may be per-
formed in differing orders. Additionally, the steps/acts
described herein may be repeated or performed in parallel
with one another or 1n parallel with different instances of the
same or similar steps/acts. The scope of the invention 1s,
therefore, indicated by the appended claims rather than by
the foregoing description. All changes that come within the
meaning and range of equivalency of the claims are to be
embraced within their scope.

What 1s claimed 1s:

1. A non-transitory computer readable medium compris-
ing instructions that, when executed by at least one proces-
sor, cause a computer device to:

identily a digital image to modily from an initial resolu-

tion to a target resolution smaller than the initial
resolution;

generate, from the digital image at the mnitial resolution,

discrete cosine transiform blocks comprising frequency
data representing respective portions of the digital
1mage;

filter the frequency data of the discrete cosine transform

blocks from the digital image at the initial resolution;
and

generate, from the filtered frequency data, a modified

digital 1image of the target resolution.

2. The non-transitory computer readable medium of claim
1, wherein the instructions, when executed by the at least
one processor, cause the computer device to filter the fre-
quency data of the discrete cosine transform blocks utilizing
Lanczos resampling, a bilinear resampling, or a bicubic
resampling.

3. The non-transitory computer readable medium of claim
1, wherein the instructions, when executed by the at least
one processor, cause the computer device to filter the fre-
quency data of the discrete cosine transform blocks by
applying a horizontal resampling kernel to change a hori-
zontal resolution of the digital image.

4. The non-transitory computer readable medium of claim
3, wherein the instructions, when executed by the at least
one processor, cause the computer device to filter the fre-
quency data of the discrete cosine transform blocks by
applying a vertical resampling kernel to change a vertical
resolution of the digital image.

5. The non-transitory computer readable medium of claim
1, wherein:

the modified digital image comprises a compressed digital

image; and

the istructions, when executed by the at least one pro-

cessor, cause the computer device to generate the
discrete cosine transform blocks comprising the fre-
quency data representing the digital image utilizing
Huflman decoding.

6. The non-transitory computer readable medium of claim
1, wherein:
the digital image comprises a raw digital image; and
the istructions, when executed by the at least one pro-

cessor, cause the computer device to generate the

discrete cosine transform blocks comprising the fre-
quency data representing the digital image by applying

a discrete cosine transform to the raw digital image.

7. The non-transitory computer readable medium of claim
1, further comprising instructions that, when executed by the
at least one processor, cause the computer device to reduce
the size of the filtered frequency data utilizing sub-band

10

15

20

25

30

35

40

45

50

55

60

65

28

approximation to generate modified discrete cosine trans-
form blocks comprising dimensions that are smaller than
dimensions of the discrete cosine transform blocks.

8. The non-transitory computer readable medium of claim
7, further comprising instructions that, when executed by the
at least one processor, cause the computer device to merge
modified discrete cosine transform blocks utilizing a block
composition matrix.

9. The non-transitory computer readable medium of claim
8, further comprising instructions that, when executed by the
at least one processor, cause the computer device to generate
the modified digital image of the target resolution by encod-
ing the merged discrete cosine transform blocks utilizing
Huilman encoding.

10. The non-transitory computer readable medium of
claim 1, wherein the instructions, when executed by the at
least one processor, cause the computer device to filter the
frequency data by resampling tiles of the frequency data 1n
Series.

11. A system comprising:

one or more memory devices comprising digital images;

and

one or more server devices that cause the system to:

identify a digital image for modifying from an initial
resolution to a target resolution smaller than the
initial resolution;

generate, at the mitial resolution, discrete cosine trans-
form blocks comprising frequency data representing,
respective portions of the digital image;

filter, 1n a frequency domain, the frequency data of the
discrete cosine transiform blocks from the digital
image at the 1mitial resolution by applying a resam-
pling kernel to the discrete cosine transform blocks;

reduce the size of the resampled discrete cosine trans-
form blocks utilizing sub-band approximation to
generate modified discrete cosine transiform blocks
corresponding to the target resolution; and

generate a modified digital 1image of the target resolu-
tion by encoding the modified discrete cosine trans-
form blocks.

12. The system of claam 11, wherein the one or more
server devices cause the system to generate the discrete
cosine transform blocks utilizing a Hullman decoding tech-
nique.

13. The system of claim 12, wherein the one or more
server devices further cause the system to merge adjacent
modified discrete cosine transform blocks utilizing a block
composition matrix.

14. The system of claim 13, wherein the one or more
server devices cause the system to generate the modified
digital image of the target size by encoding merged discrete
cosine transform blocks utilizing Hufiman encoding.

15. The system of claam 11, wherein the one or more
server devices further cause the system to refrain from
storing multiple resolutions of the digital image.

16. The system of claam 11, wherein the one or more
server devices cause the system to:

generate tiles of discrete cosine transform blocks, and

recursively filter, reduce, and encode the tiles of discrete

cosine transform blocks until all the tiles of discrete
cosine transform blocks have been processed.

17. A method comprising:

identifying a digital image to modily from an initial

resolution to a target resolution smaller than the nitial
resolution;
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generating, from the digital image at the 1mitial resolution,
discrete cosine transform blocks comprising frequency
data representing respective portions of the digital
1mage;

filtering the frequency data of the discrete cosine trans- 5

form blocks from the digital image at the initial reso-
lution; and

generating, from the filtered frequency data, a modified

digital image of the target resolution.

18. The method of claim 17, wherein generating the 10
modified digital image 1s performed 1n real time 1n response
to a request for the digital image at the target resolution.

19. The method of claim 17, further comprising reducing
the size of the frequency data utilizing sub-band approxi-
mation to generate modified discrete cosine transform 15
blocks.

20. The method of claim 19, further comprising merging
adjacent modified discrete cosine transform blocks utilizing
a block composition matrix.
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